Introduction

!
The success rate for biliary cannulation using the standard guidewire-assisted (GA) technique is approximately 90 % [1] . In up to 10 % of all cases, the standard technique is unsuccessful, and difficult biliary cannulation is encountered [2, 3] . Difficult or failed bile duct cannulation can lead to increased morbidity and mortality [1] ; in particular, post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis is associated with repeated attempts at cannulation. When the standard technique fails, commonly used advanced endoscopic techniques to gain bile duct access include double wire-guided (DWG) cannulation, and the precut techniques of needle-knife sphincterotomy (NKS) and transpancreatic papillary septotomy (TPS) [4] . Past studies evaluating the use of advanced techniques and their associated complications have produced conflicting results [5] . Recent studies indicate that DWG, TPS, and NKS improve cannulation success rates without a significant increase in post-ERCP complications [6 -13] ; however, there are limited data on the use of these techniques and how they improve clinical outcomes. Here, we report our experience with the advanced biliary cannulation techniques, used alone or in combination when the standard GA approach fails, and their respective success/complication rates.
Methods
!
We retrospectively reviewed 1873 consecutive patients who underwent ERCP at our institution. Background and aims: Post-ERCP complications increase with repeated attempts at cannulation. We evaluated several advanced biliary cannulation techniques applied when the standard approach fails. Methods: In total, 1873 consecutive patients underwent ERCP at our institution during the period 2010 -2014. Guidewire-assisted (GA) cannulation with no contrast injection until deep biliary cannulation was considered the standard technique. Advanced techniques used were double wire-guided (DWG) cannulation, transpancreatic papillary septotomy (TPS), and needle-knife sphincterotomy (NKS). When GA cannulation failed, DWG cannulation was usually attempted first if the pancreatic duct (PD) wire was in place; if that failed, TPS or NKS was performed. Alternatively, TPS or NKS were performed alone. A prophylactic pancreatic stent was placed with repeated PD cannulation or PD contrast injection. During the last 2 years of review, indomethacin suppositories were given post-procedure to all patients who underwent advanced techniques. uated for patient demographics including age, gender, race, and procedure indication. Procedure reports were evaluated for techniques used and bile duct cannulation success. Complications were assessed by detailed examination of electronic medical records, laboratory and imaging data. All procedures were performed by three endoscopists (VE, SR, IS) with extensive experience in ERCP. The standard technique was defined as GA cannulation with contrast injection only after deep biliary cannulation is achieved. Difficult biliary cannulation was defined as more than five contacts with the papilla during the attempt to cannulate, more than 5 minutes attempting to cannulate, or more than one unintentional pancreatic duct (PD) cannulation [4] . The advanced biliary cannulation techniques used were DWG, TPS, and NKS. In DWG, the bile duct is cannulated alongside a wire inserted in the PD, using the PD wire as a guide. Routinely, DWG was attempted after one unintended PD cannulation, with the PD wire left in place, thus avoiding repeated PD cannulations. In TPS, a partial septotomy is performed after the sphincterotome is introduced into the common channel of the papilla. GA cannulation is then reattempted. NKS is a precut technique in which a catheter with a thin wire extending beyond the tip of a freehand needle-knife is inserted into the papilla to make a small incision, followed by GA cannulation. When difficult biliary cannulation was encountered (i. e., standard technique failed) DWG cannulation was usually attempted first if the PD wire was in place. If DWG did not succeed, TPS or NKS was then performed; alternatively, TPS or NKS was used alone. Multiple techniques were often used in the same procedure. In general, if DWG failed and access to the common channel was available, TPS was performed and NKS was applied as a rescue technique in patients where TPS failed. This was the approach we commonly used throughout the 4-year period, although there was no predetermined/standardized algorithm and the choice of advanced techniques was left to the discretion of the performing endoscopist based on the individual factors of each case. In the case of repeated PD cannulation or PD contrast injection, a prophylactic pancreatic stent was placed. During the last 2 years of review, indomethacin suppositories were given immediately post-procedure to all patients who had undergone advanced cannulation techniques to reduce the risk of pancreatitis.
Results
!
In total, 1873 consecutive patients (average age 49; 69 % females) underwent ERCP at our institution over the 4-year period, and the advanced techniques were employed in 12 % (230/1873) of cases.
• " Table 1 shows the demographic data for the patients who underwent biliary cannulation using advanced techniques. The most common indication for ERCP requiring advanced techniques was jaundice secondary to stone disease or malignancy; 90 % (207/230) of the ERCPs requiring advanced techniques were performed on native papillae.
Procedure outcomes
The overall biliary cannulation success rate at the 1st procedural attempt was 97 % (1823/1873).
•
" Fig. 1 a shows the procedure outcomes for all patients utilizing DWG, TPS, and/or NKS techniques. The biliary cannulation success rate of all procedures with advanced techniques was 87 % (200/230). DWG was used alone or in combination with other techniques in 58 % (134/230) of patients. DWG was successful in 68 % (91/134). Biliary cannulation was achieved in 96 % (91/95) of patients when DWG was used alone; in four patients, the ERCP was aborted after DWG failure. In the remaining 39 of the 134 patients, TPS or NKS, or both, were performed after DWG failed (• " Fig. 1 b) . TPS rescue after DWG failure was used in 26 out of the 39 patients, with biliary cannulation achieved in 96 % (25/26). NKS rescue after DWG failure was used in four out of the 39 patients, with biliary cannulation in 100 % (4/4). TPS and NKS in combination were used in nine patients, with a biliary cannulation rate of 44 % (4/9) (• " Fig. 1 b) . TPS alone (i. e. without DWG) was used after GA cannulation failure in 34 of the 230 patients, with biliary cannulation achieved in 76 % (26/34) of patients (• " Fig. 1 a) . NKS alone was used in 46 of the 230 patients, with biliary cannulation in 80 % (37/46) of patients. Overall, multiple techniques were used in combination in 55 of the 230 patients, with 84 % (46/55) biliary cannulation achieved. There was a trend towards increasing use of TPS technique over the 4-year period. Of the 50 patients (out of the total 1873) who failed the 1st procedural cannulation attempt and required repeat ERCP, 30 failed advanced techniques during the 1st procedural attempt; 43 % of those (13/30) were successfully cannulated with standard technique on repeat procedure. Overall, 34 % (17/50) of repeat ERCPs had successful GA cannulation on repeat procedure (• " Fig. 1 a) .
Post-procedure complications
The overall rate of post-ERCP pancreatitis was 0.4 % (7/1873); all cases were mild and managed conservatively without invasive procedures.
• " Table 2 shows the post-procedure complications for patients who required advanced techniques. Post-ERCP pancreatitis occurred in 3 % (7/230) of advanced cases, defined as new or worsened abdominal pain, prolongation of hospitalization for two or more days, and elevation of serum lipase or amylase greater than three times the upper limit of normal. Out of the seven cases of post-ERCP pancreatitis, there was one involving multiple techniques (DWG plus TPS). One case of micro-perforation occurred after NKS, where air was noted on cross sectional imaging. This was treated conservatively with antibiotic therapy and nasogastric tube suction. NKS. On the other hand, a recent study by Sasahira et al. [16] showed no difference in selective biliary cannulation rate or post-ERCP pancreatitis between multiple single-wire attempts and early DWG. More recent studies indicate that post-ERCP pancreatitis is associated with the number of cannulation attempts rather than directly with NKS and TPS [6, 7] . Early use of advanced techniques is being increasingly recommended, as it may reduce the number of cannulation attempts. Lee et al. [17] conducted a prospective study of 711 patients with native papillae to evaluate the rates of success and complications with an algorithm in which sequential DWG and NKS were used when the standard GA technique failed. The results showed no difference in complication rates when compared to the standard technique. Our study also demonstrates a high success rate of first procedural biliary cannulation and low complication rates with these advanced techniques.
• " Table 3 compares our complication rates using advanced techniques with those previously published [7, 8, 11, 16] . In the study conducted by Wang et al. [8] , the biliary cannulation rate using P o s t -E R C P p a n c r e a t i t i s TPS alone was 90 % with a complication rate of 14.3 %; the biliary cannulation rate for NKS alone was 90.8 % with a complication rate of 18.4 %. Zang et al. [7] reported biliary cannulation in 84.2 % with 10.5 % of patients experiencing complications using NKS. In our study, TPS alone had the lowest post-ERCP complication rate (2.9 %) among all advanced procedures used. The biliary cannulation rate for NKS alone in our study was 80 %, comparable to that reported by Zang et al. [7] . Similarly, the patients who underwent NKS alone had the highest post-ERCP complication rate (6.5 %). In a study conducted by Ito et al. [11] , DWG was successful in 72 % of patients, with an incidence of post-ERCP complications of 4 %. In our study, DWG had similar success (68 %) and complication (3.2 %) rates. We report a large series of ERCP cases, with a significant percentage (12 %) requiring advanced techniques in difficult biliary cannulation. Given its retrospective nature, our study has a number of limitations. There was no predetermined/standardized algorithm, and the choice of advanced techniques was left to the discretion of the performing endoscopist based on the individual factors of each case. However, as described, we applied a common approach to difficult biliary cannulations. There is an inherent possibility of biases in a retrospective review; however, as stated in the Methods section, our study carefully examined all electronic medical records and detailed laboratory and imaging data in evaluating procedural success and complication rates. Our experience at an urban tertiary care center indicates that the use of advanced techniques in difficult ERCP improves the overall success rate of biliary cannulation after standard technique failure without a significant increase in complication rate.
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